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Abstract 
The spectrometer dynamic-mirror precision drive system is the important component of Fourier Transform 
Interferometer. In the view of the requirement of the spectrum sampling, the dynamic-mirror drive system designed 
by this paper should provide the accurate interval signal for spectrum sampling as well as the dynamic-mirror-zero 
signal for starting sampling point. In order to achieve this goal, this paper uses the grating ruler and grating-zero 
reference as the control sensors to generate the needed interval signal and dynamic-mirror-zero signal through the 
intelligent control strategy based on AT89C2051. The Experiments show that the dynamic-mirror drive system 
designed by this paper well meet the demand of Fourier Transform Interferometer for spectrum sampling. 
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1. Introduction 
Any sort of substance of atmosphere can absorb an amount of energy of infrared spectrum [1]. When 
the spectrometer dynamic-mirror turns to a certain of angle, it just makes the light of certain frequencies 
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interfered, if the light intensity of certain frequencies detected was reduced, it means that the atmosphere 
must contain some substance. So, how to control the spectrometer dynamic-mirror rotating is the key to 
test the material composition of atmosphere. 
There are many traditional methods to control the spectrometer dynamic-mirror running. Such as, the 
mechanical linkage institutions control, the stepping motor control, the servo motor control, and so on. No 
matter what kinds of methods used, there are two basically ways to control the spectrometer dynamic-
mirror running. One is swinging, the other is rotation. And it must give out the accurately starting position 
for the data acquisition. This position signal is just the dynamic-mirror-zero signal. 
2. Working principle 
When the motor [2] is running, the grating [3] sensor gets the grating-zero signal, this is a pulse signal. 
Processing this signal and the grating signal, and then getting the dynamic-mirror-zero signal. As shown 
in figure 1. 
         
Fig. 1 working principle; fig. 2 schematic diagram of structure 
The dynamic-mirror-zero signal is given out in the grating-along-zero point, but the grating signal has 
many grating-along-zero points, that are unable to ensure the accurately starting position of the spectrum 
sampling. It means that the grating-zero should provide a signal, and mark one grating-along-zero point of 
grating signals for giving out the dynamic-mirror-zero signal. The point is just the starting position of the 
spectral sampling. Setting up the first point of grating-along-zeros which is close to the rising edge of the 
right side of the grating-zero signal for giving out the starting position of the dynamic-mirror-zero signal. 
It must be sure, that the dynamic-mirror-zero signal should fall on two absolute positions which the laser 
[4] provided. The b point of figure1 is just the corresponding point. The distance error of b to c point is 
less than 50nm, and the same to a point. So the dynamic-mirror-zero is given out in point b, the distance 
error should be within ±50nm.  
3. Grating sensor and grating-zero reference installation 
The grating-zero reference is equivalent to a small magnet, when it passes the induction point of the 
grating sensor, it produces an electrical signal, this signal is just the grating-zero signal. At the same time, 
when the grating ruler passes the grating sensor, it produces the continuous Moire Fringe, this is the 
grating signal. The installation of the grating sensor, grating-zero, grating is very strict, especially the 
grating-zero. It must be ensure that the first point of the grating-along-zero signals should not be 
5352  Xu Congyu and Chen Qiuwei / Procedia Engineering 15 (2011) 5350 – 5354 Author name / Procedia Engineering 00 (2011) 000–000 3 
coincidence with the rise edge of the right side of the grating-zero signal. The schematic diagram of 
structure likes figure 2. 
4. Dynamic-mirror rotation way 
The frequency range of the spectrum sampling is 3μm ~ 14μm. So there is being the effective working 
area whatever the dynamic-mirror uses rotating way or swinging way, and it needs to set up the logo of 
the working area in shaft institutions, to provide the starting position of the spectrum sampling. In the 
design, the dynamic-mirror adopts the swinging way. The range of the swinging angle is 30°~ 40°. In the 
swinging way, the motor speed should not be too fast. If the motor turns quickly that will produce the 
vibration, and the vibration will produce strong influence to the acquisition of the light signal. As shown 
in figure 3. 
               
Fig. 3 dynamic-mirror rotation way; fig.4 circuit structure 
6. Driving circuit 
In the design, select the ultrasonic motor for driving. The motor is not affected by the electromagnetic, 
it can be open loop control, and also can be closed loop control. It suits the high accuracy actuation 
control, especially in the strong electromagnetic interference of the working environment. In the circuit 
control, use two electric circuit boards to carry on the controlling. One circuit board processes the grating 
signal and the grating-zero signal, the other board is used for the motor control. The circuit structure likes 
figure 4. 
Rev. Stop control signal controls the whole circuit, directly acting the signal processing circuit board. 
This circuit board processes the grating signal and the grating-zero signal, then gives out the motor 
working sequence. Convey the collected grating signal and grating-zero signal which separated from the 
grating sensor to the signal processing circuit board. Due to the signal is weak, so grating signals will be 
sent to AD620. At this time, the grating signal is the amplified sine wave signal. Connect the signal to the 
2-pin of LM358, namely the B point of figure 5. And directly transmit the collected grating-zero signal to 
LM358 5-pin. The processing circuit shows as figure 5. 
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Fig. 5 processing circuit; fig. 6 data collection 
7. Driving program 
The chip is AT89C2051, the crystal is 24 MHz, and the count cycle is 0.5μs. And it needs to spend at 
least 2 machine cycles to be sure the effective jump of the external input pulse, so the maximum 
frequency of the count is 1MHz. The rotation angle can be controlled through the grating; one gate [6] is 
20μm. Use the counter to count the outside grating signal of P3.4 and P3.5, the external interruption 
doesn’t participate in control, and use the 16 counters to carry on the counting. 
In the program, first of all, the motor counterclockwise rotates looking for the grating-zero, and set up 
P3.7 for low level, if the grating-zero has been found out, the motor stops rotating, and the counters are 
setup, then the motor clockwise rotates. At the same time, the trigger gets a signal and begins to work. It 
gives out the dynamic-mirror-zero signal, and the spectrum acquisition sections begin to collect data. 
When the grating-zero signals have produced, it must give a signal in the rise edge of the grating-zero to 
the trigger, namely set up P1.4 and P3.7 for high level. The trigger begins to work, and the spectrum 
acquisition part gets the signal and starts to collect data, the signal is just the dynamic-mirror-zero signal. 
In the time of the motor clockwise rotation, the counter starts counting, P1.4 and P3.7 is sot up for low 
level. When the counter is overflowing, the motor stops rotating and turns back, looking for the grating-
zero, so reciprocating.  
8. The experimental  
8.1 Data collection 
Using AC6622 acquisition card to collect the input grating signal and the dynamic-mirror-zero signal, 
and process the collected data, and then get the figure 9. Horizontal shows the collected points of the 
acquisition card, longitudinal shows the collected voltage. So the maximum voltage of the grating signals 
is 1.5503V, the minimum voltage of the grating signal is 0.8521V, and the voltage of the grating-along-
zero is 1.2012V. At the time, the dynamic-mirror-zero signal from low level to high level in the third 
point, namely the spectrometer begins sampling. The intersection of the dynamic-mirror-zero signal with 
the grating signal is (3, 1.1976), namely the voltage of the grating signal is 1.1976V, and the difference of 
voltage with the grating-along-zero is 0.0036V. Data collection shows as figure 6. 
8.2 The theoretical analysis  
Because of the grating-zero’s position can be adjusted and the controlling range is enough to eliminate 
the influence of LM358. So, just make sure the range of the grating-along-zero voltage which changed by 
LM358, thus can determine the error size of the dynamic-mirror-zero point. 
Put all components are ideal, and there is no error, so the rectangle wave signal can be translated into 
the same sine wave which the grating signal input. At this time, the voltage has certain relation with the 
phase angle. Such as formula (1): 
V= A× sinθ+V´………… ……. (1) 
V  is the reference voltage. If consider ˊ the error influence, have the following formula (2): 
V= A× sin (θ±Δθ) +V´……… (2) 
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In the grating-along-zero point, θ=kπ, k=0, 1,…,∞. In the time, the voltage change range is just as (3): 
ΔV=±A× sin (Δθ)…………….. (3) 
ΔV is the voltage change of the grating-along-zero point; A is the amplitude of the grating input signal, 
the value of A=0.2491V;θ is phase angle. 
The gate is 20μm, phase angle is 360° . So, ±50nm transforms to angle is ±0.9° . That is, to control the 
error within ±50nm, the allowed phase angle error of the grating-along-zero site is ±0.9° . So, 
ΔV=±0.2491× sin0.9°=±0.00391V 
That is, the allowed voltage error of the grating-along-zero site is ±0.00391V. In actually using, there 
are three parts of error effect the output grating signal of LM358. Such as table 1: 
Tab. 1 effect of error 
 
So, can get the total voltage error of the grating-along-zero site: 
Δ= 3222 109.2015.005.0 −×++ mV=0.00290V 
So can see, Δ<ΔV that means it is in requirements, and the error of the dynamic-mirror-zero within 
±50nm. Also, 0.0036V<0.00391V, it means, that the experimental data is in requirements, too. 
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